Abstract. Urea metabolism was studied with nitrogen-starved cells of Chlorella vulgaris Beijerinck var. viridis (Chodat), a green alga which apparently lacks urease. Incorporation of radioactivity from urea-1-4C into the alcohol-soluble fraction was 
Urea can serve as a sole source of n-itrogen for miiany plants and microorganisms. Urease can be detected in most of these organisms, and metabolism of urea by them is presumed to involve hydrolvsis by urease to CO. and ammonia, and subsequent incorporation of the ammonia into amino acids along the usual pathways.
Urea is utilized readily by Chlorella (1) and yet no urease has been detected (9, 27) . Hattori, for example, was unable to demonstrate urease in cellfree extracts of C. ellipsoidca (9) , and he could not detect aniy ammonia during the metabolism of urea by intact cells 1 (11) . The apparent absence of urease implies the absence of a simple hydrolytic pathway for urea metabolism in this organism, and this is borne out by other evidence. Hattori found a differential effect of cyanide on urea and ammonia uptake, and urea uptake was inhibited by azide, dinitrophen,ol and dark anaerobic conditions (9, 11 and after urease treatmilenit were acidified to pH 4 with acetic acid and dried in vaciuo over solid NaOH. Radioactive samples were counted 1y liquid scintillation spectrometrv. with efficiencies determined 'by external standardization. Samples were dissolved in water (1-5 ml), to which were added 15 ml of Bray's solutiton (6) and enough para-dioxane to make the total volume 20 nml. 3 Trade names and company names are included for the benefit of the reader and do not infer any endorsement or preferential treatnent of the product listed by the United States Department of Agriculture. PHT 
YSIOLOG\Y
WVhen incorporation of radioactivitv from urea-"C into a crude alcolhol-solublte fraction and into individual compounds was determined, cells werie killed alnd extracted with 80 % ethanol (v/v ) ait room teml)erature. The extracts were dlried in a rotary evaporator at reduced presstre and the residue partitionled between water and chloroform. The radioactivity remainiing in the aqueous laver. Iafter removing unimetabolized urea as described above, was takeni to be the total tmrea14C incorporated. Wtatersoluble components were partially purified writh ioInexchalnlge resins (23) . The anionic mlaterial passing throtiglh a sulfoniic acid resin was a,dsorbed oni ;i (juaterinary amiine resinl in the forrmate form and eluted with 2 N formiiic acid. The eluted material x-as chromatographedl (22) Fig. 1 indicate that CO, is an early l)roduct of urea metabolism under dark aerobic conditions. Flushing of a Chiorella suspension with 10% CO., in air during urea-14C utilization essentially eliminates 14C incorporation (Fig. 1B) though it does not reduce urea uptake (Fig. IA) . Hattori has observed (11) vations could be that CO. is an eventual product of urea nmetabolism. whereas the data in Fig. 1 (Fig. 2) . Even in the presence of ornithine, flushing with CO.,-enriched air completely eliminates incorporation of urea carbon (Fig. 2) , thus indicating that carbamyl phosphate is not a product. Chromatography of alcohol extracts (along with a mixture of authentic compounds) from control treatments of experiments illustrated in Fig. 1 and 2 failed to reveal any radioactivity in hydantoic acid, catbamyl aspartate or carbamyl glutamate over that in boiled con'trols.. In the absence of any evidence for a "carbamyl product" in urea metabolism, therefore, CO., may be considered the first product which contains urea carbon.
Metabolismii of Urea Nitrogen. Previous studies with 15N labeled urea and ammonia (24) failed to reveal any unique pathway of urea nitrogen. This failure could be attributed to the possibility that ammonia is an early product of urea metabolism. To investigate this possibility, advantage was taken of the observation (9) that ammonia metabolism is inhibited more readily by cyanide than is urea metabolism. Fig. 3B shows that ammonia uptake is prevented by 10 m-m cyanide while urea uptake continues. Under these conditions there is an accumulation of ammonia in the medium only in the presence of urea, demonstrating that ammonia is produced from urea. The yield of ammonia from urea (2 NH4' formed compared to urea disappeared) was 41 % in 1 hr and 61 % in 4 hr. In another similar experiment the yields were 60 % in 2 hr and 77 % in 4 hr. While there is considerable variation in these yields and the values are not close to 1% %, they are enough greater than 50 % to indicate that both nitrogen atoms can contribute to the ammonia produced.
Effect of Aniaerobiosis and Light on Urea Metabolism. The effect of anaerobiosis on urea metabolism was examin.ed because it was thought that energy might be required. unrelated to DCMU affects on photosynthesis. The lower concelntration of DCMU used in this experiment is more than necessary to inhibit photosynthesis (5) and to block non-cyclic photophosphorylation (4). Therefore, while the source of energy for turea utilization is not clear, this energy requirement is inconsistent witlh a simple hydrolytic cleaivage of urea.
Enzyrymic Stutdies. A hydrolytic or phosphorolytic cleavage of urea should be possible to demonstrate in cell-free extracts. Extensive tests for simple hydrolytic cleavage (i.e. classical turease) were cari-ied oit with cell-free extraicts, using the disappearance oft urea-'4C -is a general method of assay. Extracts were prepared: 1) from cells of N-starved cultures at different ages; 2) at different pH values; and 3) with diverse methods of extraction. Also many experiments were carried out in the presence of ATP or an ATP generating system and in the presence of reduced pyridine nuclceotides, ornithine or a-ketoglutarate. In no case was there anv evidence that urea \a\s a substrate for an enzvmic reactioni.
General Discussion
The results presented in the previous section indicate that urea is split and that CO.. an-d ammonia are early products. This siplitting appears to require energy in some form, possibly as ATP or as another high energy compound.
The mechanisml by wlhichi eniergy is used in the initial step of urea metabolism is not clear. A direct involvemient of ATP is indicated by the inhibition of dark aerobic metabolism by 2,4-dinitrophenol (DNP) (9) , and the requirement of light for uptake under ;inaerobiosis. However, the possibility remains that a substance is required from another path'way in whlich phosphorylated intermediates are involved.
There is no evidence that urea or ammonia uptake requires ATP, or that there is active accumulation of these compounds. Ammonia apparently may be assinmilated by Chlorella directly into glutamic acid. glutamine, or citrulline (2) . In addition to the requisite enzymes, the cell would need the reactants ATP. reduced pyr'idine nucleotide, ornithine, glutamic acid, and a-ketoglutarate. Control of ammonia assimilation could thus be exerted by the available amounts of these reactants.
A plausable mechanism may be offered for th'e effects of cyanide, DNP and an'aerobiosis on ammonia and urea metabolism. DNP vulgaris appears to be different from that in Tornilopsis utilis (13) , Candida flareri (7), or Streptococcus allantoicus (27) , since we have no evidence that carbamyl compounds are early intermediates in Chlorella as they appear to be in these organisms.
The failure to demonstrate any in vitro breakdown of urea does not disprove the above hypothesis and reaffirms the previous inability to demionstrate urease in Chlorella (9) .
After this research was completed, Roon and Levenberg (18) 
